Proper bipolar spindle assembly underlies accurate chromosome segregation. A cohort of 13 microtubule-associated proteins orchestrates spindle microtubule formation in a spatiotemporally 14 coordinated manner. Among them, the conserved XMAP215/TOG family of microtubule 15 polymerase plays a central role in spindle assembly. In fission yeast, two XMAP215/TOG members,
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respectively). alp14-26 mutant, alp14-26dis1∆ cells showed a substantial increase (35%) ( Figure 2C ). This result supports the notion that Alp14 and Dis1 collaborate to promote spindle elongation. percentage did not increase significantly in alp14-26dis1∆ cells compared to alp14-26 cells (15-16%, 147 n.s.) ( Figure 2D ). As most of these cells (85%, 35/41) did not contain interphase MTs but instead dot-148 like MT signals were observed around the SPB (Figure 2E ), they were posited to be in an early mitotic 149 stage. Note that the intensity of these dots appeared to be severely reduced in alp14-26 compared to 150 wild-type cells by visual inspection, consistent with the notion that Alp14 is required for MT The data discussed above indicate alp14-26dis1∆ cells spend a longer period of time during an 155 early mitotic stage with shorter spindle length. To study the defects associated with this delay, we 156 measured the intensity of spindle MTs in individual cells. We found that spindle intensity was 157 markedly reduced in the alp14-26dis1∆ mutant (~50 % reduction compared to wild-type cells, Figure   158 3A and B). In either of alp14-26 or alp14∆ cells, spindle intensities were also decreased compared to 159 wild-type cells (~30% reduction), but higher than those in the alp14-26dis1∆ mutant ( Figure 3A and 160 B). This result corroborates the notion that Alp14 and Dis1 are together yet independently required 161 for spindle assembly and elongation. It is worth noting that as spindle intensity of dis1∆ cells did not 162 display an obvious reduction, Alp14 appears to play a compensatory role in the maintenance of 163 spindle intensity in the absence of Dis1, which is also the case for spindle length control (see Figure   164 2B). intensities. Fluorescence intensities of mCherry-Atb2 were measured in the indicated strains. The remarkably faint interphase MT structures; these MTs were much shorter and dimmer compared to 180 wild-type and each single mutant ( Figure 3C ). Therefore, Alp14 and Dis1 in concert promote growth 181 and stability of microtubules during both interphase and mitosis. 
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Additionally, we found that alp14-26dis1∆ exhibited a lethal "cut" phenotype ( Figure 4D to varying degrees, though the frequency was much lower compared to alp14-26dis1∆ double mutant 195 cells (6-19% vs 31%, respectively) ( Figure 4E ). Thus, the reason for lethality of alp14-26dis1∆ cells incubated at the restrictive temperature is attributable to untimely septation in the absence of proper 
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The most notable difference between Alp14 and Dis1 is their cellular localisation during mitosis.
224
Alp14 is first localised to the SPB, followed by translocation to the mitotic spindle and movement 225 towards the kinetochore as spindles elongate and capture it [36] . Dis1 is localised to the kinetochore 226 first and loaded onto the mitotic spindle only at a later mitotic stage; importantly, Dis1 is not localised 227 to the SPB [16, 20, 37]. One possible scenario is that once Dis1 is recruited to the SPB, it may be possible 228 to functionally replace Alp14. To address this notion, we implemented the GFP-GFP-binding protein 229 (GBP) protein targeting system [38] . To this end, alp7∆, alp14∆ and wild-type strains were constructed 230 that carried Dis1-GFP and GBP-Alp4 ( Figure 5A ); Alp4/GCP2 is a core component of the γ-TuC that 231 is constitutively localised to the SPB [39]. To visualise GBP-Alp4, it was also tagged with the 232 fluorescent protein mCherry (GBP-mCherry-Alp4). Tethering Dis1 to the SPB was successful in all 233 strains ( Figure 5B ). However, assessment of the growth of these strains indicated that forced 234 recruitment of Dis1 to the SPB was not sufficient in the absence of Alp7 or Alp14; these strains 235 remained ts like alp7∆ or alp14∆ strains containing only Dis1-GFP in the absence of GBP-mCherry-236 Alp4 ( Figure 5C ). It is of note that Dis1-GFP in the presence of GBP-mCherry-Alp4 was functional, as 237 the corresponding wild-type construct normally formed colonies at either 22°C or 36°C ( Figure 5C ).
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Thus, a simple recruitment of Dis1 to the SPB is not sufficient to replace the functionality of Alp14. Growth assays revealed that Alp14-GFP and Mis12-GBP-mCherry could not alleviate cold sensitivity 251 of dis1∆ cells ( Figure 6C ), suggesting that kinetochore-tethered Alp14 cannot compensate for the loss 252 of Dis1. Alp14-GFP in the presence of Mis12-GBP-mCherry is functional, as wild-type cells containing 253 these two fluorescent proteins could form normal colonies at all temperatures assessed ( Figure 6C ).
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Taken together, the results shown here indicate that the spatial difference does not account for the 255 functional specification between Alp14 and Dis1. Therefore, we conclude that although Alp14 and introduced into a dis1∆ strain and G418-resistance transformants were selected at 27°C. We obtained
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Fluorescence microscopy images were obtained using a 
